A summary of known finite strain states is presented; longitudinal strains (1 + e) as measured in many rocks often range from 1 to 40 and I to 0.025. The time span available to produce such measurable strains in young orogenic zones seems to be less than 10 m.y., possibly less than 1 m.y., which constrains conventional strain rates into the range of 10 -13 s -! to 10 -15 s -!. For both pure and simple shear (the most efficient way and a much less efficient way to accumulate incremental strains, respectively) the ellipticity of the finite strain ellipse increases in a nonlinear manner. Finite strain variations in adjacent layers, which give rise to features such as cleavage refraction, arise with only slight differences in the strain rates within these layers.
INTRODUCTION
The amount of data on the rates at which natural rock deformations take place is rather small. That which is quoted most frequently is based on geodetic surveys in the vicinity of the San Andreas Fault [Whitten, 1956] . Triangulation carried out over a period of 20 years showed systematic displacements that indicated that any initially rectangular block would gradually become changed into a parallelogram with a change of azimuth of 1 second of arc every 10 years. From this observation it is possible to conclude that if the deformation is taking place by simple shear parallel to the fault, the shear strain rate •, is 1.5 x 10 -13 s -! and the principal extension rates d! ---•2(•1 = •//2 in simple shear) is 7.5 x 10 -14 s -1. However, the surface movements in these zones might not be truely representative of the deeper crustal levels [Johnston et al., 1977] .
Another method of calculating strain rate has been based on the isostatic adjustment that has taken place as a result of removal of bodies of ice or water from the earth's surface [Crittenden, 1967] . Hicks and $hofnos [1965] used measurements of uplifts in Glacier Bay, Alaska, indicating strain rates of from 0.5 x l0 -14 to 2.5 x 10 -14 S --!. Heard [1976] suggested that strain rates could be estimated from displacement rates of seafloor spreading and that values generally lie between 10 -13 and 10 -14 s -!. However, before such a calculation can be made, some specific model for progressive deformation of the crust must be selected because different strain increment models dissipate the plate displacements at different strain rates.
In the European Alpine orogenic belt it seems likely that 150-400 km of crustal shortening has taken place [Triirnpy, 1972 [Triirnpy, , 1973 Gilluly, 1972 ] over a time period from the Upper Cretaceous to the Oligocene. It seems to us difficult to use this data to determine the average strain rate as proposed by Heard [1976] without presupposing some specific model for the strain history of the plate collision zone. The aim of this paper is to attack the strain rate problem from a new viewpoint. Structural geologists have collected It will be seen from the above equations that for constant incremental length changes dli the natural strain rate b will decrease in the course of the deformation history, whereas the conventional strain rate b will remain constant. Since a constant strain rate relates better to the concept of steady flow of rocks, we use conventional strain rate throughout this paper. How can strain rate per second be derived from finite length changes which have taken place over a longer period of time than 1 s? We solve this problem by superposing strain increments and comparing the resulting finite strahns with the incremental strains (i.e., the strain rate). Under these circumstances the finite elongation 1 + e will increase in a linear or nonlinear manner, depending upon whether one uses natural or conventional strain rates respectively (cf. Figure 1) In order to simplify the analysis, yet without loosing relevance to problems of deformation in the crust of the earth, we have made a few assumptions and approximations. We have investigated systems which are those of plane strain, considering that changes in the intermediate strain rate •2 and vorticities/oi and/o3 (around the •1 and •3 axes, respectively) can be neglected. We know from our analyses of finite strain that the shapes of strain ellipsoids do not always agree with the plane strain constant volume relationships expressed by (1 + e2) 2 --'-(1 + e,)(1 + e3) However, many of these ellipsoids can be satisfactorily explained by plane strain under conditions of volume change [Ramsay 1967, p. 162; Ramsey and Wood, 1973; Graham, 1978] or by superposing successive plane strains in a noncoaxial manner [Ramsay, 1967, p. 326] .
We are also of the opinion that large-scale displacement and average strain patterns that come about during the forcthat least differential displacement, and therefore least absolute values of strain occur in directions parallel to plate intersections. Furthermore, many of the local deformations seen in naturally deformed rocks are constrained by local conditions which tend to impose plane strains (block faulting, simple shear zone formation, ideal bedding plane slip during buckle folding in stratified rocks).
In two-dimensional plane strain, which we will examine in detail below, four terms are needed to specify a general steady 
LIMITATIONS ON FLOW IN GEOLOGICAL SYSTEMS
We have discussed the geometrical effect of flow in some detail because now we wish to justify our choice of particular types of flow processes as end members limiting realistic types of geological deformation.
The first end-member is that type of steady state flow which leads to maximum finite strain from a given incremental or steady state flow process. There is no difficulty in selecting progressive pure shear as the most rapid of the finite strain growth processes (Figure 5d) .
The end-member defining the minimum effectiveness of building large finite strain with a given flow process requires more detailed discussion. The general analysis of steady state flow has shown that certain processes lead to finite strains periodically increasing and decreasing in a pulsating way. How common is this effect in tectonic processes? Rarnberg's [1975b, pp. 32-34] discussion of this point shows that rock flow of this type in nappe sheets and in fold formation is unlikely to be common, or if it does occur, it is likely to be for only short periods during the deformation history. He pointed out that the rotation of less ductile inclusions such as crystal porphyroblast or pebbles in a more ductile matrix could produce such a pulsatory strain effect in the inclusions. Such a process only occurs on a very local scale, and we cannot think of any tectonic process likely to have significance on a regional scale which anticlockwise, but the incremental rotation or vorticity always move it clockwise at a rate just slightly greater than that of the anticlockwise rotation. With large shears and large finite strains, the two effects are almost identical in their positive and negative rotational effects: the principal extension axis of the finite strain comes to lie closer and closer to the shear direction but never passes through it. This means that the finite strain can never acquire increments which lead to a decrease of its previously established total strain state. Because simple shear is the limiting case of effectiveness of the vorticity to pass into the 'pulsating' strain field and because we do not believe that this field has regional geological significance, we think it justified to take simple shear as the lower most bound of any steady state processes which lead to large strain states in tectonic processes.
FINITE STRAIN STATES AND TIME IN TECTONIC PROCESSES
There is now available a very large bank of data giving measured finite strains from many different types of naturally deformed rock in many differing environments, and a summary is set out in Appendix A, Figure A1 , and Table 1 Some of the data in Figure A1 and Table 1 represent regionally penetrative deformations probably occurring through rock masses of one or more cubic kilometers in volume. In many instances, possible ductility contrasts (e.g., between fossils and matrix) means that the strain quoted is a minimum value, and in others, significant volume reductions may be present. High strains of ¾ up to 40 (equivalent to 'axial ratios' of 1600) do occur and can occasionally be measured, but they seem to be typically localized in narrow planar zones, having a special evolutionary history (thrust and shear zones, mylonite belts). The duration of time necessary to develop these finite strains is very difficult to assess. Precise stratigraphical control for upper and lower time brackets for individual 'phases of deformation' are difficult to obtain, and the errors involved may be critical for the arguments presented here; moreover, they always give maximum intervals and deformation throughout these intervals was not necessarily continuous. Detailed structural analyses of fold-and-thrust and imbricate thrust terrains often indicate that such time periods may be subdivided into sequences of subphases any one of which could produce the finite strain in a comparatively short time period [e.g., Dahlstrom, 1970; Pfiffner, 1978] .
In Figure 
STRAIN RATES AND FINITE STRAIN CALCULATIONS
We now wish to show how the pure and simple shear models for progressive deformation can be used to predict the finite strains arising by steady state constant strain rate flow.
The most effective way of building up a large finite strain from strain increments in plane strain is that of progressive pure shear. Clearly, this is a highly specialized incremental process, but finite strains might arise in this way from geological processes. It can easily be shown that the general case of heterogeneous finite strain leads to general states of rotational strain [Ramsay and Graham, 1970] , and clearly such rotational finite strains cannot have been produced by a progressive Jrrotational process. However, at a few singular points in a het- Because quite small differences in strain rate lead to dramatic variations in finite strain, we are able to develop another interesting conclusion about variations in strain rate: it is well known that when layers of differing properties become folded together they take up differing amounts of finite strain. 
